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EXECUTIVE SUMMARY

1. AN INITIAL MECHANICAL INTEGRITY TEST (MIT) "CENSUS"
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The use of sampling has been carefully considered
from bcth a statistical analysis viewpoint and a technical
viewpoint. After weighing the cost savings versus
uncertainty trade-offs, sampling of injection wells is not
considered a viable alternative to the proposed regulations
at this time. This recommendation is consistent with EPA
requirements. Some form of sampling procedure may be con-
sidered as a reascnable procedure later on for certain
types of wells. Initial sampling is not considered a

s
wise course of action for several reasons:

. A sampling design mav miss scme fai

A single failed well can jeopardilz
drinking water drawn Z“rom an aguifer in its
vicinity. Since a single failed well can pcllut
an aquifer, it is undesireable to allow failing
wells to go unnoticed. Althouch sampling may
vield accurate indications (or estimates) of what
popula+lon oarareters are, it is not a scluticn
to finding all failled well

. There are no concrete data cn prior Zailure rates
or prime causes of well ‘failure. Such data 1s
vital to the design of a sampling me th hwodoloay.
Althouah some causal data and failure rate data

o far oall

exist, the data are not comp
tvpes of 1Intection well




small (about 400), and (2) the injecta
typically asscciated with Class I wells is
often hazardous.

- It is further recommended that all Class II
wells, with the exception of gas storage
wells, be recuired to undergo initial MIT.
Although the large number of Class II wells
seems to encourage the use of sampling,
excessive well heterogeneity - even within a
given field - presents a significant barrier

to sampling. EPA may wish to exempt cas
storage wells from census testing as thev
re continuaily monitored.

2. MID-COURSE EVALUATION DATA SHOULD BE GATHERED IN A
FASHION APPROPRIATE FOR WELL-FAILURE ANALYSIS

Mid-course evaluation data should form the backbone
of any policy recommendations regarding the sampling of
wells or the testing of all wells of a given type.

3. STATISTICAL ANALYSIS OF COURSE EVALUATION DATA MAY
LEAD TO CHANGES 1N WELL- T SWIN POLICY

Analysis of mid-course data may suggest changes in the
timetable for well MIT. Exempting certain wells from testing
cr reducing the testing cycle is best accomplished throuch
analysis of guantitative evaluation data, rather than
valitative "informed judcement.

4. SAMPLE SIZE VARIES BY ASSUMDTIONS USED
SAMPLING METHODOLOGY

A sample size based
culre testing of
ASSuUmD L
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A S5TUDY OF SAMPLING PROCEDURES AS
APPLIED TO THE MECHANICAL INTEGRITY

TESTING OF INJECTION WELLS

The U.S. Environmental Protection Agencv (EPA) has
prorosed regulations governing the mechanical integrity
testing of injection wells.* C(Class I, II, and III inijection
wvells will be reqguired to underco mechanical integritv tes-
ting (MIT) every five years, at a minimum. States with
more stringent testing intervals will retain their stricter
standards. The EPA regulations will stand as a default value
for states where no MIT is currently required. Because
MIT is a nontrivial expense the well owner incurs for every
active injection well, EPA has considered the use of sampling
to lessen the economic burden. Sampling introduces uncer-
taintv** 1
"uncertain

n terms of impact tc fresh water aguifers. Sinc
ty" is difficult to guantify, 1t 1s difficult o
assess what an acceptable level of uncertaintyv is.
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<

This report addresses the primary question, "Is it.
safe to allow a sample of injection wells to be tested in

lieu of testing every one, as now proposed?” 3 secondarv

X - . . . . -
question, also addressed nerein, is, "Is sampling a viabie
alternative later in the MIT process?" That 1s, 1f initially

1

it is unwise to allow wells to go untested, would it be

21
advisable o do so later?




1. TESTING A SAMPLE OF INJEC
ALL INJECTION WELLS IS NO
THIS TIME

There are several reasons why an initial sampling
effort does not seem warranted. They are enumerated below.

(1) A Sampling Design May Miss Scme Failed Wells

The object of MIT is to dete fa led wells and

c
flag them for rehabilitation or re
can potentially pollute a potable
which drinking water is drawn. A
can jecopardize the safety of drinking water drawn
from an aguifer in its vicinity. Sampling may vield
a fairly accurate indication of the failure rate for
a given type of well. It does not, however, help
locate all failed wells so they mav be repaired or

replaced.

2 faililed wel

A failed ell
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(2) There Are No Concrete Data on Prior Failure Rates
Or Prime Causes of Well Failure

The above data are required if anv form of
sampling is to be utilized. Prior failure rate
estimates range from a low of one percent* to 3.75
percent** for specific types of wells. These are
only estimates as no formal system for tabulating
this useful statistic exists at present.

Sampling recommendations are based on prior fa
ure rate, error variance, well population size, and
confidence level. For in]ectlon wells, prior failure
rate 1s eilther unknown or uncertaln, and we are not
absolutelv certain about the porululation N. Without
such informaticn, it is difficult to select a sampling
frame or have much confidence in 1ts suitabhilit,




The Appendix of this document contains computed
sample size data for each class of well. ©Note that
appropriate sample size varies relative to the values
we assign when computing it. The various sensitivities
are digplayed for comparision.

Types of well failure are not adequately documented.
Historical information recarding the specific corrective
action taken on each failed well probably exists for some
wells but has not been centrally organized, compiled or
analysec. Xnownincg the types of well failure is an
important first step in determining the underlying
causes of well failure. In some instances, the reason
for a well failure is obvicus, such as a clear separation
of the packer. However, whether the packer separation
occurred because of excessive injection pressures, the
age of the well, or some other variable, mayv not be
as obvious.

(3) Each Class of Wells is Unique. Within Each Class
There can be Great Variations

One of the reasons simple random sampling 1s not
an available option in the testing of wells has to do
with the hetercgeneityv of wells. There are three
relevant classes with respect to injection wells. Each
class is likely to have great differences even within
the same field of wells. This situation has cccurred
when various sections of a given well field were drilled
at different points in time. The oldest injectors
mav have been guite shallow, newer wells much deeper.
If depth were a key variable in explalining the variance
in failure rates, the same types of well 1in the same
field might have very different likelihoods of failure,

other things constant. The central theme 1s: similarly
classified wells may have very different rates of
failure, hernce samplin: 2 fow mav not ilve o Srae

indication.
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1 well per site, and a permit for every well.
Few well failures in saline aguifers have
been observed due to strict regulation and
permit systems in states permitting Class

I wells.

At least 404 industrial and nunicivnal
wastewater injection wells have been con-
structed in 25 states, at least 209 of which
are operational. Nearly 60% are used by the
chemical, petrochemical and pharmaceutical
industries. Industrial injection rates are
relatively low. Most inject less than 100 gpm
(6 litre/sec). Municipal rates are higher
(5-10 million gallons/day). Receiving
reservoirs are distributed between sand,
sandstone, and carbonate rocks: the three
most common agquifer types. Because of the
toxlc chemical concentrations often present
in industrial wastes, 1njection zones are
usually deep. Only six percent are less than
1000 feet in depth. The majority are between
2000 and 6000 feet.*

For Class I injection wells, nc type
of sampling or exemption is felt warranted
at this time. Because of the toxicity of
injecta and low number of such wells, it 1is
felt mest appropriate to reguire an initilal
MIT of all Class I wells. Owver time, some
form of exempition criteria mayv enerce to
lessen the number of Class I wells that need
tc be tested.

Class 1I wWells - Class I7T In“ection wells are
used for oll and gas storaze and cil and
aas prodaction. NDil and sas prodnction wells
inclﬁde cnhancedl reocovary wolls and brine
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have exhausted the oil field in which theyv

are situated. While the majority are converte
wells, the proportion varies from 90% con-
verted wells in the Illinois Basin and
Appalacia to a low of 60% converted wells

in the Gulf Coast.* Table 1 below lists

the Class II injection well population (1979)
by region.

Class TIII Wells - Class IIT wells are those
used to inject fluids for the solution
mining of minerals, for in-situ cgasification
and liquefaction of ©il shale and coal, to
recover geothermal energy, and wells for
Frasch process sulfur mining. Well depths
vary not only by type of Class III well,

but among wells of the same type: Frasch
sulfur wells range from 300 to 2000 feet in
depth, salt solution mining from 200 tc
10,000 feet, geothermal wells from 100 to
3,000 feet, 0il shale from 300 to 1,200 feet.
With the exception of uranium sclution and
copper mining, the toxicity of injected
fluids is relatively low. The nature of
fluid varies by applicaticn. The toxicity
of produced fluids is moderate to hich,
however.**

Table 2, below, shows the number of
Class III wells, althouch precise nurbers
0f these wells by state are nct 2available
at this time. Certain short-lived Class IIT
wells are exempt from the proposed five-
vear testinc interval. 2all new and exilstinc

T

salt and aoothermal wells will be re
to underco iritial testine and sukse
testinge bt Yivo-—venr Intorvals, n

,
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TABLE 2

ESTIMATED NUMBER OF CLASS I1II
SPECIAL PROCESS INJECTION WELLS

T Sites Number Projected Location
) (fields) 1979 /80) 1985
1. sulfur mining
(*rasch process) 8-10 500 500-600 TX, LO
J. solution mining
a. Uranium 33 6,300 18,000 WY, TX, NM, CO
e Salt 80 1,000 1,100 NY, Wv, PA, TX, LO, KA
o Copper u
other moetals 10-20 30-50 co, uT, MI, AZ
In oSitu 7 30 300 co, UuT, WY, TX, SD
Gaslflcation ND, MT, CA, OR
& Lilgucfaction NM, ID
4. Gecthermal 6 25 50 CA
7700 20,000

RS v Miller, “Development of Procedures for Sub-classification
Cdoass IDD Injection Wells™, January 7, 1980, Draft Final Report.



Cf all Class III wells, Ffrasch sulfur
and salt solution wells seem best suited
for sampling. Within a given state, wells
of the above varietv are predominantly
homogeneous. The Frasch sulfur process
calls for many wells, similar in design, to
be dug in a new field. A field is then
mined as rapidly and completely as possible.
Once the field is depleted, the wells are
pulled up, and a new field is exploited.
Only about one-third cf the well casing
comes up as the self-sealing nature of the
process "cements" the bottom in the well.
Recause wells within a field are virtually of
the same design, depth, and age, a sample
of such wells is likely to yield statistics
very close to true population parameters.
Hence, sampling incurs less uncertainty for
these types of wells than other Class III
wells. Further analysis is needed to deter-
mine 1f other Class III wells are as well-
suited for sampling.

2. MID-COURSE EVALUATION DATA SHOULD BE GATHERED AND
RETAINED FOR POTENTIAL STATISTICAL ANALYSES IN THE
FUTURE

Mid-course data, gathered nationwide, could be useful
for certain analyses of well data. If EPA deems such
aralyses appropriate, mid-course data should be gathered
in a fashion which makes possible statistical analysis of

collected data. These data mav indicate causal factors
in well failure and form the basis for changes in well
testing policy. The methods of collecting data, or its

usefulness, must ultimatelv be decided by the EDA,
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This appendix contains sample size data for all classes
of wells considered in this analysis. While several strong
objections to initial sampling have been raised, there re-

mains considerable interest in sampling statistics, should
aamr 1 1N A 71~ ~ 1 — A Tivdrrva A~ rAa
DQL(.LJ,J__LLLNj AJC\.,UJ.LLC Q \/_LCXAJJ_C CL' \_C.L lCLL.LvC _Lll il LUl T P\ W PR NS S g
ingly, well pcpulation information has been evaluated and
occtimates Af camnle o120 Avnawn Froam +ha+t infarmation Taes
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of the primarv input criteria is varied, holding other items
constant to show the various sensitivities.

The broadest vossible sampling scenario would treat
all injection wells as having the same rate of failure
(expressed in this context as probability of failure), and
ould involve a simple random sample drawn from the entire
well population. This approach has the following advantaces:

. Lowers front-end costs of MIT
. Lowers time recuired to perform total MIT.

Its disadvantages are as follows:

. Ignores ¢ross differences in well tvpes

)
+
(0]

. Relies on a single estimate of failure r
. May leave polluted acguifers undiagnosed

. Does not allow for comprehensive data collecti

O
]

State—ci-the~art remains one of ungcorbtainty, oS

opposed to risk.




p* = prior probability of an event occurring
(event = well failure) or best-guess 1f
unknown

e = error term (margin of allowable error
in predicting p*)

The first data item, population size, must be estimated.
Figures drawn from Tables 1, 2, and 3 give us the following
estimate for N:

Class I: 209
Class II:
SWD 39,355
ER 160,315

Class II1:

Frasch 500
Solution Mining 7,320
Gas & Licuid 30
Geothermal 25

N = ~150,000

The EPA "Guide to the UIC Program" reports, "It is estimated
that perhaps as manvy as 300,000 injection wells are in oper-
ation rnationwide."* Both numbers are used 1n the analysis
for comparitive purpcses. The default value will be 150,000
wells.,

The second datum 1is the & statistic or alpha level.
Several alpha levels are considered and their effect on
ize 1
2 7

sarple size 1

3 - N y o 3 s ~ - v F R
noted. % wvalues 1n this exercise vary ITom
£

s
1.282 *o .576. The default value will be 2.5376.

The third item of informaticen, 2*, 1s a "au
cr b proportion ol owells o whieh ‘
Vi e not o mnow o what o oo loe N
: 1 ISRt S BEE SIS [ n-
et > hoof 0 Th I3 : 2N
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The last item needed is the error term. It represents

what the analyst considers an acceptable margin of error

in predicting p, the failure rate. The error term is in-
versely proportional to sample size. Various error terms
will be tried, relving on a default value of one-half of p*,
Or one percent.

SAMPLE SIZE UNDER THE SIMPLE RANDOM SCENARIO CAN
VARY BETWEEN ABOUT 500 to 1,500

TABLE 4

Sample Size for Varying
Population N Assumptions,

a = .05, p* = 2%, e = 1%
POP SIZE SAMPLE SIZE
150,000 749
300,000 751
600,000 752

Table 4 indicates that rather large changes in the overall

well population size vroduce relatively small chances in

sample size, other things constant. Table 5 below

shows

..... i

the effect on sample size when the confidence level,
varled. The + level of .05, for examnle, should be
interpreted as, "95 out of 100 times we expect the sample
statistic to fall within the probability distribution for
the population parameter.” A smaller « level improves
samplinag »nrecision.

TABLE S




Table 6 how

£ well fai

to represent avT wel*~ ..... tna ¢
are belng allowed to chanqe the allure rate and error
term. The error term is defined by the failure rate in

each instance. Column n' shows the recuired sample size
if the error term is kept at a constant 1%.

1
1

TABLE 6

Sample Size for Varving
rior Fallure Rate Estimates

N = 150,000, = = .05, e = p*/2
FAILURE RATE SAMPLE SIZE n'
12 1,506 379

2% 749 749

3% 495 1110

43 363 1461

2. STRATIFYING BY CLASS OF WELL AND RANDOM SAMPLING EACH
CLASS PRODUCES THE FOLLOWING SAMPLE SIZES:

TABLE 7
Estimates of Sample Size, Stratified by

Class of Well for Known Well Populaticons,
.= .01, e = .01, p* = 2°¢

T N0



Note that stratifying by class and type of well and drawing
a random sample from each group increases the overall sample
size to approximately 5450, instead of the 1250 for a simple
random sampling. Stratified sampling has the following
advantages over random sampling:

. Acknowledges differences in types and Classes
of wells

. Is likely to find more failed wells.

Neither stratified or random sampling is advised unless

a census of all wells has first coccurred. Once a census
of wells has taken place, scme form of sampling 1s attrac-
tive because:

. It lowers MIT program life-cycle costs
. It allows MIT to be more easily administered.



